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Introduction 
The study on organic electronic devices is a hot topic in variety of scientific areas such as organic light emitting 
diode (OLED), organic field effect transistor (OFET), organic laser, ect. In recent years, a type of novel highly 
integrated optoelectronic device named organic light emitting transistor (OLET), has attracted much attention. 
OLET combines the light emission of OLED and swich function of OFET, meanwile exhibits great potential in 
electrically pumped solid-state organic laser which has not reallized to date.1 Pumping source, amplifying medium 
and cavity are three basic elements for the laser. Organic molecular crystals as novel gain media for solid-state 
laser have attracted extensive attention in the past few years. The studies demonstrated that some highly 
fluorescent crystals composed of organic molecules could achieve population inversion and exhibit amplified 
spontaneous emission (ASE).2 In order to achieve the population inversion, high solid state fluorescence is 
normally needed. However, most of materials exhibit high fluorescence in the diluted solution but very weak 
fluorescence in the solid state, which is due to the aggregation-caused quenching (ACQ) effect. 
In our research, we focus on employing some strategies to avoid ACQ effect and designing the novel molecular 
crystals which show high solid state fluorescence toward the applications in the optoelectronics. Two strategies 
were employed in our research: 1. Doping some guest molecules inside the host crystal; 2. Designing the molecule 
which shows aggregation induced emission (AIE) property. 
(1) Luminescence enhancement of a DPh-BTBT/P2V2TT host/guest co- crystal  
In this work, we developed a novel DPh-BTBT/P2V2TT host/guest co-single crystal.3 The similar molecular 
structure and size successfully avoid the lattice mismatch in growing the co-single crystal. By doping some guest 
molecules into the host crystal, the aggregation-caused quenching (ACQ) effect was improved and the PL 
quantum yield was enhanced from 18% of host 
crystal to 30±3% of co-crystal. Moreover, the 
optical waveguide edge emission was retained 
due to well defined transition dipole alignment 
between host and guest. However, the host 
crystal only shows unipolar P-type FET behavior. 
Thus, the molecule with lower LUMO level is 
needed in order to realize the ambipolar carrier 
transport behavior. 
 
 Fig.1 DPh-BTBT/P2V2TT host/guest 
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(2) Highly emissive distyrylthieno[3,2-b]thiophene based red luminescent organic single 
crystal: Aggregation induced emission and Balanced ambipolar carrier transport 
In this work, a highly emissive red luminescent single crystal (CNP2V2TT) which shows aggregation induced 
emission (AIE)4 and optical waveguide edge 
emission has been prepared by the physical vapor 
transport (PVT) method. The fluorescence quantum 
efficiency of crystal is up to 37%. Cystallographic 
data indicate highly efficient face-to-face π-π 
stacking forms by the hydrogen bonding network 
among CNP2V2TT molecules. The single crystal 
FET devices were fabricated using Au and Ca as 
hole and electron injection electrodes, respectively. 
The molecular design, introducing cyano groups 
into molecular skeleton, effectively lower the 
LUMO level and achieve well-balanced ambipolar 
electron (0.13 cm2 V-1 s-1) and hole (0.085 cm2 V-1 
s-1) mobilities.5 
(3) ESIPT versus π-π stacking: in situ excited state molecular twisting upon pulsed laser 
excitation towards light amplification 
In this work, a novel excited state intramolecular 
proton transfer (ESIPT)-active6 and AIE-active singe 
crystal (DSBTBT) was developed. DSBTBT single 
crystal shows highly efficient face to face π-π 
overlap and moderate PL quantum yield about 25%, 
which are normally regarded as the drawbacks for 
the light amplification. Upon the normal Xe lamp, 
the single crystal exhibits single band emission. 
However, a novel emission band could be observed 
upon the pulsed laser excitation, which could be 
attributed to the molecular twisting on the cis-keto* 
excited state. As a result, the amplified spontaneous 
emission (ASE) with the threshold as low as 34 
μJ/cm2 was realized. Our work emphasizes the 
ESIPT as a key to open up the light amplification 
under strong π-π overlap and moderate PL quantum 
yield. 
Reference: [1] S. Z. Bisri, et al, Adv. Funct. Mater., 2009, 19, 1728; [2] H. Nakanotani, et al, Appl. Phys. Lett., 2009, 
95, 033308; [3] J. Li, et al, J. Mater. Chem., 2011, 21, 17662; [4] J. Luo, et al, Chem. Commun., 2001, 1740; [5] S. Mu, 
et al, Org. Electron., 2016, 34, 23; [6] J. E. Kwon, et al, Adv. Mater., 2011, 23, 3615. 
Fig.2 AIE property of CNP2V2TT. 
Fig.3 PL characteristics of DSBTBT crystal upon Xe 
lamp and pulsed laser excitation.      
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論文審査の結果の要旨 
 
本論文は、ホスト‐ゲスト型の有機半導体における発光、およびトランジスタ特性の合理的設
計に関する研究についての研究である。近年、有機発光トランジスタ(OLET)は有機発光ダイオー
ドに代わるデバイスとして注目を集めている。さらには、未だ実現していない電流誘起レーザー
を作成するための新しい方法論を提案し、この方法論の妥当性について議論している (第一章)。  
第二章では、ホスト‐ゲスト型共結晶を用いたエネルギー移動を有効に利用することで発光の
効率化を行った。組み合わせとして、DPh-BTBT という分子をホスト分子、P2V2TT という分子を
ゲスト分子として用いた。得られた共結晶について粉末 X 線構造解析によって構造を明らかにし、
わずか 0.1％P2V2TT をゲストとして用いるだけで発光スペクトルが低エネルギーシフトすること
を明らかにし、また、発光量子収率の増大を観測した。  
第三章では、CNP2V2TT という分子が強い分子間相互作用を有するために分子運動が阻害され、
発光が誘起されるという Aggregation Induced Emission (AIE)という性質を示すことを明らかにした。
本分子の電子状態を量子科学計算を用いて明らかにし、本錯体が両極性トランジスタ特性をしめ
す可能性があることを明らかにした。また、実際に本単結晶を用いてトランジスタを作製し、両
極性トランジスタ特性を示すことを明らかにした。  
第四章では、分子内水素結合を有する DSBTBT と呼ばれる分子を合成し、この錯体が分子内プ
ロトンホッピングに伴うケト－エノール互変異性をしめすことを量子科学計算によって明らかに
し、本機構によってレーザー発振のための閾値が下がることを予想した。実際に本結晶において
34μJ/cm2 という小さい閾値で Amplified Spontaneous Emission (ASE)という挙動を示すことを明ら
かにし、本手法の有用性を示した。  
第五章では、研究を総括し、今後の電流誘起レーザー実現のための展望について議論した。  
  以上の内容は、論文提出者が自立して研究活動を行うために必要な高度の研究能力と学識を
有することを示している。したがって、穆 帅提出の博士論文は博士（理学）の学位論文として
合格と認める。 
 
 
 
 
